SUMMARY OF MAJOR RECOMMENDATIONS Animals
Use Sexually Mature Animals, Whenever Practical, for Evaluating Effects on Spermatogenesis. Unless the objective of the study dictates otherwise, screening studies in rodents should be conducted in animals that are sexually mature at termination of the study (>9 weeks in rat, >7 weeks in mouse). Ideally dogs should be 9-12 months of age at termination, to minimize confounding aspects of immaturity. If younger animals are used and equivocal results occur, it may be necessary to repeat the study in older animals. The difficulties in obtaining sexually mature primates and the associated handling hazards for laboratory personnel generally preclude their use in screening studies and therefore preclude assessment of treatment-related effects on spermatogenesis. For suspected testicular toxicants, specific studies in sexually mature animals should be considered (4-5 years of age for cynomolgous).
Tissue Sampling
Sample Both Testes and Epididymides, Identify Left and Right Separately and Record Organ Weights. Distinction of unilateral from bilateral effects is important for eval-uation of treatment related findings, therefore separating data sets for each side can provide important information. Histopathological findings in the testis and epididymis are often interelated; it is useful to be able to directly correlate such findings. Increases and decreases in testis and epididymal weight are important indicators of adverse effects.
Tissue Fixation
Fix Testes from All Species from Studies of 13 Weeks Duration and Less in Modified Davidson's Fixative. Wellfixed tissue is critical for the detection of early and subtle changes in the testis. Regulatory guidelines discourage the use of formalin for testes and recommend Bouin's or an alternative. Modified Davidson's provides improved fixation properties over Bouin's and is significantly less hazardous and more convenient to use on a routine basis. The design of fertility studies relies on information gained from examination of the testes in general toxicity studies. Therefore, adequate fixation in all studies up to 13-weeks' duration is recommended. Days and for All Dog and Primate Testes, Examine H&E Stained Testes. Wax sections provide adequate quality for evaluating screening studies. Resin embedding may be used for investigative studies. Transverse sections provide mostly round, cross-sectional profiles of tubules for evaluation. The rete is a potential site for compound-related findings. The various regions of the epididymis have different functions, morphology, and susceptibility for toxicity. The lumenal contents of the different regions of the epididymis also reflect different temporal events in the testes. PAS-H stained sections allows accurate identification of the tubular stage of spermatogenesis in rats and mice. This information is useful for identifying and evaluating early disturbances of spermatogenesis in studies of short duration (up to 28 days). PAS-H is less useful in the dog and primate due to its restricted staining of the acrosome.
Microscopic Evaluation
Microscopic Evaluation of the Testis Should be Carried Out as a Qualitative Examination with an Awareness of the Spermatogenic Cycle. Recognition of the loss of specific populations of germ cells or the inappropriate presence of germ cells (eg, spermatid retention) relies on knowledge of the cellular associations of the different stages of the spermatogenic cycle. The pathologist must have an adequate understanding of the morphology of the different stages of the cycle in the species under investigation. An understanding of the kinetics of the cycle as well as the physiology and regulation of spermatogenesis is also necessary to allow interpretation of the patterns of changes seen and their toxicological significance. Quantitative measures of tubular stages and their frequency distribution are not recommended for screening studies.
Nomenclature and Severity Grading for Disturbances in Spermatogenesis May Vary on a Case-by-Case Basis
Depending on the Specificity of the Findings. Findings may be nonspecific and be adequately described by nonspecific terminology such as tubular atrophy. This is frequently the case following long-term exposure to a toxicant. Conversely they may be cell specific and stage specific and require detailed terminology to convey this specificity. This is more often the case in short-duration studies. Grading severity may be based on the proportion of tubules affected or on the proportion of germ cells affected or lost. The choice is dependent on the changes seen and the nomenclature used. Whatever system is used, it is important that the diagnostic and grading criteria are defined.
INTRODUCTION
Histopathology is acknowledged as the most sensitive endpoint for detecting testicular toxicity. The tissues must be appropriately and consistently collected, fixed, trimmed, sectioned, stained, and presented to the pathologist for evaluation. It is incumbent for the pathologist to have an adequate understanding of the organization and dynamics of spermatogenesis in the species under investigation. Understanding and using consistent terminology for the changes observed and grading the severity of those changes are also important issues in the reporting and interpretation of testicular histopathology. As such, this document is intended to provide practical recommendations on how to evaluate the testis using routine histopathology. Most of the information provided relates to the rodent, because this is the most common species used for evaluating male reproductive toxicity. Information pertaining to other less commonly used species, such as the dog and nonhuman primate, are included where appropriate.
Histopathological evaluation of the testis is a requirement in most regulatory guidelines including general toxicity studies as well as specific tests designed to assess reproductive toxicity. Although regulatory guidelines for general toxicity studies make no specific recommendations regarding testicular evaluation, all of the regulatory guidelines for assessment of reproductive hazards provide some measure of specific guidance.
This recommendation document covers the elements of testicular histopathology used in support of studies necessary for review by regulatory agencies (ie, as covered in the ICH (International Conference on Harmonization of technical requirements for the registration of pharmaceuticals for human use), EPA (Environmental Protection Agency), and OECD (Organization for Economic Cooperation and Development Guidelines). The purpose of this document, as envisioned by the Society of Toxicologic Pathology, is to promote accurate and consistent evaluation of the testis for toxicological changes. In addition, it provides an overview of procedural and technical information that will aid in that evaluation when used as a component of safety/toxicology studies to be submitted to regulatory agencies. This recommendation document should serve pathologists and nonpathologists by providing an understanding of the procedures involved in the evaluation of the testis in toxicology studies.
Regulatory Guidelines Recommendations
Regulatory guidelines for studies to detect adverse effects of drugs and chemicals on reproduction and fertility, make specific recommendations on what endpoints should be measured, as well as technical information on tissue sampling, fixation, staining, and microscopic evaluation. These requirements are summarized and discussed next with regard to their importance in different designs of study. Although general toxicity studies have no such recommendations, aside from section quality, one of the greatest frustrations that commonly faces the pathologist in such studies is having a partial picture of effects. One example might be the suspicion of an effect in the testis, but no weights or epididymal or testicular sperm counts to corroborate it. It has been shown that reproductive system measures from general toxicity, repeat-dose studies, can do a good job of predicting reproductive toxicity (9) . Logically, this comes as no surprise: testis weight reductions, whether in a reproductive study or a general-toxicity study, should predict the same type of outcome, and can easily be detected with equal efficacy in either type of study. Study sponsors and/or study directors may be hesitant to add endpoints that are not specifically required, but if 1 member of a class of compounds has already been shown to produce some reproductive effects, it would be wise for the study personnel to add some additional related endpoints to subsequent studies of related molecules. Similarly, it makes good sense to fix the testes from general toxicity studies from rodents and nonrodents in an appropriate fixative, such as Bouin's or modified Davidson's, that will allow detailed microscopic examination and early detection of effects that would otherwise be missed.
A summary of the recommendations/instructions provided in applicable regulatory guidelines for testing chemicals and drugs on reproductive performance, including requirements for organ weights, sperm measures, histopathology (which tissues, fixatives, stains), and standards of evaluation include: Although it requires a substantial investment of time and money to conduct this type of study, the result is a great deal of corroborative information, data that comes from sufficiently related biological processes that makes it possible to quickly weed out spurious differences from real treatment-induced effects. Thus, there is greater confidence in any conclusions reached in a study with more mutually supporting endpoints. This test relies primarily on fertility parameters to assess reproductive performance rather than histopathology. The premating dosing period is generally only 2 to 4 weeks so that posttesticular toxicity (effects on epididymal sperm) will be detected in fertility parameters. It assumes that a repeat-dose study of at least 4 weeks' duration has already been conducted to detect any histopathological effects on testicular spermatogenesis and the rest of the reproductive tract. Information on potential effects on spermatogenesis (and female reproductive organs) can be derived from repeated-dose toxicity studies or reproductive toxicity studies. If this information is not available, examination of the reproductive tract is required. Consequently, this test generates many fewer correlative data than required in other regulatory guidelines (no reproductive organ weights, and histopathology and sperm measures are optional). Guidance is provided on acceptable methods for fixation and generating histological sections, but not on microscopic evaluation. Because any histopathological effects on spermatogenesis are expected to be identified in previous, repeat-dose studies, it is important that "good histopathological and pathological examination" be included in the design of these studies. 3 cell structure is used. The epididymides and accessory sex organs should also be evaluated, but the depth or type of analysis is not specified.
Both tests are designed as rapid screening methods to generate limited information on the potential of existing chemicals to cause effects on the entire reproductive process. As such the endpoints used for detecting effects on male fertility are limited.
These guidelines vary widely and reflect the inherent difference between chemical, food additive, and pharmaceutical industries. Chemical products, such as pesticides, are applied to the environment or potentially to populations. Pharmaceutical compounds are administered to individuals. Risk of exposure, intentional or unintentional, and the risk-to-benefit ratio are fundamental differences between these industries. In general, these are reflected in the differences in the guidelines of reproductive evaluation between the regulatory agencies dealing with environmental products and agencies dealing with medicinal compounds.
Technical Information
Effective evaluation of the male reproductive system relies on adequate sampling of the various parts of the reproductive tract as well as appropriate fixation, orientation, processing, embedding, and staining of the tissues. The following describes the recommended approach for these various aspects of tissue preparation.
Dissection/Organ Weighing: The presence or absence of, as well as the anatomical arrangement of, various components of the reproductive tract vary with species. These differences must be appreciated to ensure appropriate sampling. It is important to minimize squeezing of the testes during tissue dissection, weighing, and trimming to prevent artifactual sloughing of the germ cells from the seminiferous epithelium. When trimming the epididymis from the testes, take care not to cut the testicular capsule, which will cause extrusion of the seminiferous tubules through the cut and consequent disruption of tissue architecture.
After dissection, organ weights should be taken as required. For paired organs, individual weights provide valuable information to support unilateral microscopic findings. Individual organ weights are also required when one testis and one epididymis are used for quantifying sperm parameters.
Fixation: For a variety of reasons, the testis presents a problem for good fixation. All of the regulatory guidelines relating to reproductive studies (see previously) recommend that the testes should be fixed in Bouin's or a comparable fixative. Implicit in this recommendation is that formalin is not used. A modified Davidson's fixative, comprised of alcohol, acetic acid and formalin, is recommended for all species in studies of 90 day's duration or less and in a study of any duration where testicular toxicity is suspected (2, Latendresse et al, this issue). Testes fixed with modified Davidson's fixative show comparable cellular and nuclear resolution to those fixed with Bouin's with very little shrinkage of the germ cells and Sertoli cells. In addition, the tubules show significantly less shrinkage from the interstitial tissue than is seen with Bouin's. Due to its picric acid component, Bouin's has a number of disadvantages. It is a strong irritant and allergen, potentially explosive, mutagenic, and possibly carcinogenic, presenting significant safety and disposal problems to laboratory personnel when used on a large scale. It also results in significant shrinkage of the tubules away from the interstitial tissue, especially in the center of the testis. The artifacts produced with formalin fixation are associated with the subsequent processing into paraffin wax, because formalinfixation of rodent testes followed by embedding in glycol methacrylate results in better preservation of structure than with Bouin's (8) . However, this does not hold true for all species, and should be tested prior to use. For a detailed review of methods and the results that can be obtained using various combinations of fixatives, fixation methods, and embedding procedures for rodent testes, see references (8) and (21) . Improved penetration of fixative into the testis can be achieved by carefully piercing or nicking the testicular capsule at the cranial or caudal pole.
Testes should be fixed whole for at least 24 to 48 hours. If modified Davidson's is used, the testes can be transferred to 10% neutral buffered formalin for storage. If tissues are left in Bouin's or Davidson's for much longer than 48 hours, they will harden and become difficult to section.
Perfusion fixation of the reproductive tract of rodents by cardiac perfusion and resin embedding of tissues can be used when high-resolution light microscopy is required or when electron microscopy is required. The methodology is time consuming and labor intensive and is more suited to investigative studies than to large-scale screening studies. In brief, the procedure involves anesthetizing the animal, cannulating the thoracic aorta through the heart, flushing out the systemic vasculature with buffered saline followed by systemic perfusion with a buffered fixative such as paraformaldehyde and glutaraldehyde. For detailed methodology see (21) and (36) . Perfusion fixation can also be achieved by direct perfusion into the testes via the testicular artery. This is strongly recommended for large animal testes to reduce the volume of fixative required.
Sampling/Trimming 1 : Once the tissues are fixed, sampling of specific structures and tissue orientation are important to ensure that critical regions of the testes and epididymides are represented in the histologic sections (16) .
Testes. There are a number of factors to consider when deciding how to trim the testes. A longitudinal or a transverse section can be taken. The advantage of a longitudinal section is that it provides more tissue to examine and provides frequent longitudinal sections through seminiferous tubules, many of which will include consecutive stages of the spermatogenic cycle. The advantages of a transverse section are that it provides consistent cross-sections through all the seminiferous tubules. This makes staging of the tubule easier and allows quantitation of cell numbers and tubular measurements, if required. Most technicians sample the testis by taking a midline sample. However, the testis has asymmetric structures that may be missed by a midline section. For example, in the rodent, the rete testis is located at the cranial pole of the testis and spreads down towards the midline. The rete can provide important information regarding fluid dynamics of the seminiferous tubule fluid. In cases of obstruction of the excurrent duct system or disturbances in fluid reabsorption, it will be dilated. It can also be the site of proliferative lesions and of rete testis tumors. Both ends of the seminiferous tubules empty into the rete and this often appears to be a preferential site for germ cell degeneration and depletion for both spontaneous and chemically induced lesions. It is therefore an important site to sample and routine sectioning should include at least part of the rete complex. In the dog the rete forms a central core that extends from the cranial surface to approximately two thirds towards the caudal tip and will be adequately sectioned with a midline transverse section. In the nonhuman primate, it is located in a peripheral position along the medial aspect for approximately half the medial border. Again it will be adequately sampled with a midline transverse section but a longitudinal sample needs to be specifically orientated to include it. Testes from dogs and nonhuman primates are generally too large to fit onto one slide. Sufficient tissue should be sampled to include an adequate sample of the rete.
Efferent Ducts. The efferent ducts link the rete testis with the ductus epididymis, which is a single highly coiled duct, the convolutions of which form the caput, corpus, and cauda epididymis. The number and course of the efferent ducts vary with species. They are long and tortuous in rodents, extending up into the epididymal fat pad surrounding the caput epididymis. They are normally trimmed off and discarded when the epididymis is trimmed for weighing. In the dog and nonhuman primate they are very short because the epididymis is more closely applied to the testis in these species. They are rarely sampled in routine studies but can be an important site for lesions. The efferent ducts in the dog are a frequent site for sperm granulomas because of the numerous blind ending tubules present. Similarly in the rat, this may be the location of sperm granulomas that give rise to tubular dilatation in the testes and absence of or decreased sperm in the epididymis. More importantly, they have been shown to be a target site for a number of chemicals (19) . Although it may not be practical to sample them in routine studies their potential as a target site for toxicity or as a cause of secondary changes in the testes and epididymides should be appreciated.
Epididymides. The cellular composition and the function of the epididymis vary with region and it is impor-tant that the different regions are sampled and examined. Routine sampling of the epididymis often only includes the cauda epididymis, but this precludes important information. A longitudinal section including the caput, corpus, and cauda should be provided for histopathologic evaluation regardless of the type of study and the species involved. There are a number of chemicals that have been shown to produce site-specific lesions to the epididymal epithelium, some in the caput, others in the cauda. An additional reason for sampling the entire epididymis is that the density of sperm and the presence of germ cells within the lumen of various segments of the epididymis reflect time-dependent events in the testis. For example, sperm and cells present in the cauda epididymis were released from the testis approximately 2 weeks prior to their arrival there. The sperm in the caput epididymis reflect the release of sperm only days previously. Depending on the duration of the study, differential effects on the contents of the caput and cauda can provide important information on the timing of a toxic effect. Maintaining the epididymal section with the corresponding testis can also provide corroborative information because abnormal contents of the epididymis typically reflect testicular events.
Embedding: For all routine screening studies, paraffinembedded sections of well-fixed testes are adequate for detailed qualitative evaluation of spermatogenesis. Embedding in glycol methacrylate (GMA) resin can be used to prepare semithin (2 m) sections that can be stained with conventional histologic stains for high-resolution light microscopy [see (21) for methodology]. Although these sections provide improved cellular detail compared with paraffin, the methodology is time-consuming and technically demanding and is best reserved for investigative studies. Embedding in resin is essential for evaluation of the testis by electron microscopy. The use of epoxy resin is necessary to maintain stability of the section under the electron beam but this has the disadvantage that epoxy-embedded tissue can only be stained with toluidine blue for light microscopic examination.
Staining: At the end of a study of more than 90 days' duration, the chances of finding subtle lesions, or changes indicative of the early part of a degenerative process, are small. For the purposes of identifying cells and their location, hematoxylin and eosin (H&E) staining is sufficient. If a compound is a known or suspected testicular or reproductive system toxicant, the chances are that by the end of 90 days' dosing, there will be cellular changes sufficient to alter the weight of the affected organ. Therefore, one may conclude that if the weights of the testes and epididymides are unchanged and if sperm release is unchanged, it is most likely that there will be no significant detectable histopathology. At these longer durations of exposure, H&E staining of paraffin-embedded tissue is quite sufficient.
At shorter durations of exposure (eg, any duration up to 28 days), it is more likely that early manifestations of damage will be observed on histopathologic examination. Early in a pathogenic process, it is useful to be able to identify in which stage of the cycle the changes are localized because different compounds with common mechanisms share common targets in the testis. In order to optimally describe where in spermatogenesis an event is seen, it is best to be able to finely divide the process by using (ie, visualizing) the development of the acrosome on the round spermatids. Periodic acid-Schiff's-hematoxylin (PAS-H) stain on the testis will stain the glycoprotein component of the spermatid acrosomic granule or acrosome cap. These are very small structures, which can be difficult to visualize if the stain is not optimal. It is important that the periodic acid and the Schiff's reagent are relatively fresh solutions. PAS-H-stained sections yield a great deal of information about the state of spermatogenesis, which can be related to published information about other compounds that interfere with the process. Thus, for studies of up to 28 days' duration, or for studies that use a short period of exposure and recovery, PAS-H is recommended. Cytoplasmic and nuclear detail of the germ cells, Sertoli cells and Leydig cells will be suitable for detecting early degenerative changes. These recommendations hold equally for studies that are directly related to reproduction, and for repeat-dose general toxicity studies. If the duration is less than 28 days and there is the possibility of some testis toxicity, PAS-H is recommended. In dog and nonhuman primate testes, the acrosomic cap only becomes visible with PAS stain during the stage of spermiation and in the stage immediately following spermiation. This limits its usefulness for identifying individual stages of the cycle but does provide a tool for distinguishing normal spermiation from toxicologically induced premature loss of elongated spermatids or absence of elongate spermatids resulting from immaturity. Using H&E-stained sections, approximate staging of the tubules can be achieved using the characteristics of the spermatocyte and round spermatid population in conjunction with the shape and position of the elongating spermatid population. In some stages the indentation of the acrosomic vesicle into the spermatid nucleus can also be useful for stage identification (34) .
Microscopic Evaluation 2
It is incumbent upon the pathologist to have an adequate understanding of the organization and dynamics of spermatogenesis in the species under investigation. Without this, lesions will be missed or the significance of findings will be misinterpreted. Although a detailed description is beyond the scope of this paper to provide this knowledge, an attempt is made to illustrate why and when such knowledge is essential. Once identified, interpretation of the significance of the findings to overall reproductive function and their implications for functional or morphologic changes in the rest of the reproductive tract relies on a basic knowledge of reproductive physiology. Specifically, the pathologist should understand:
1. The process and regulation of spermatogenesis is essentially similar in all mammalian species. In order for a pathologist to detect subtle changes in germ cell loss or, in the case of spermatid retention, the inappropriate presence of a population of germ cells, a thorough understanding of the cellular makeup of the spermatogenic cycle is 2 Most of the remaining text including essential. Knowing the kinetics of spermatogenesis (the ability to relate the lesion to the length of dosing) will help identify the susceptible target population of cells. The kinetics of the spermatogenic cycle varies with species, as does the number of stages in the spermatogenic cycle. 2. The process of fluid flow and the results of obstruction are important in the evaluation of the testes and epididymides. Blocked fluid flow from the testis to the epididymis lowers epididymal sperm count, increases testis weight, marginally increases testis sperm count, and produces seminiferous tubule dilation leading to a back pressureinduced atrophy of the seminiferous epithelium. 3. The effects of hormones and how they are regulated through gonadotropins and the hypothalamic-pituitarygonad axis (eg, reduced testosterone levels result in reduced accessory sex organ weights, and impaired spermatogenesis but testicular atrophy can occur without primary changes in testosterone). 4. The relationship between the testis and the epididymis (eg, inhibited sperm release in the testis can raise testis spermatid counts and lower epididymal sperm counts; normal homogenization-resistant spermatid counts in the testis in the face of reduced spermatid counts in the epididymis suggest specific changes in epididymal function such as a reduction in sperm transit time).
Terminology/description/reporting of findings and how to grade severity is a unique problem in the testis. Recommendations on issues such as whether to grade on the basis of numbers of germ cells affected or number of tubules affected or both and whether to use broad terminology such as tubular atrophy and tubular degeneration or use specific terminology that differentiates between effects on separate types of germ cells and their stage localization have not been consistent in the literature. The decision is strongly influenced by the type of study and the specificity of the findings present. As with the toxicologic evaluation of any tissue, the species, age, and background spontaneous pathology need to be taken into account. These factors are particularly important with respect to the testis because in some species, such as dog, the relatively high incidence of spontaneous degenerative lesions, confounded by the small group size of animals used, can provide difficult data for interpretation. In addition, the use of immature or borderline mature animals, which is the case for some regulatory studies, can mask or be mistaken for toxicologically induced lesions. It is important that the pathologist and toxicologist realize these limitations.
Disturbances in Spermatogenesis
Almost regardless of the cellular target of toxicity within the reproductive system, the most common morphological consequence of injury is a disturbance in spermatogenesis. This is because spermatogenesis is dependent on, or sensitive to, functional perturbations in most other parts of the reproductive tract. Spermatogenic disruption may reflect a direct effect on the seminiferous epithelium, affecting either the Sertoli cell or any one of the germ cell populations, or it may occur as a secondary response to altered hormone levels, altered vascular supply, or altered fluid balance, either within the testis or within the epididymis. It is therefore extremely important that disturbances in spermatogenesis are detected. The pattern of disturbance can be very specific and diagnostic of the mechanism of toxicity, but generally this is only seen during the early development of the lesion. With longer periods of dosing, the development of maturation depletion (whereby death of a specific precursor germ cell causes the progressive loss of its descendant generations), reduces the specificity of the pattern of spermatogenic disturbance as the tubules become depleted of more and more germ cells.
Regulatory Guidelines and the Role of "Staging" in Histopathologic Examination of the Testis
Regulatory guidelines have placed increased emphasis on the importance of histopathology for detecting toxicologic effects in the male reproductive system. Recommendations have been made, not only for fixation and staining procedures, but also for the microscopic examination of tissues, providing guidance on what types of findings should be looked for, as described previously in this paper. During the drafting of these regulatory guidelines there was much discussion relating to the subject of "staging" of testes, and although there is no mention of staging in the final published guidelines, the issue has become surrounded by confusion. Staging is defined here as the use of the changing germ cell associations to classify tubular cross-sections into stages of the spermatogenic cycle. It is important to clarify that the regulatory guidelines do not require quantitative staging but do recommend that the pathologist possess stage awareness. Due to a lack of understanding of this concept, there has been a move to expect the pathologist to produce a quantitative assessment of stages, eg, a frequency distribution of tubules for individual stages of the spermatogenic cycle. Although this may be useful information in an investigative study to determine whether the dynamics of the spermatogenic cycle have been disturbed, it is inappropriate to carry out in a regulatory study, which is designed as a screening study to detect effects on spermatogenesis. Knowledge of staging should be used in a qualitative way and the pathologist should have the ability to recognize stages of the spermatogenic cycle to be able to recognize missing germ cells or common pathologies such as spermatid retention in stages IX and X, for example. For a more detailed discussion of this issue see Creasy (12) and Chapin and Conner (5) .
In the current climate of misunderstanding the pathologist is often requested to "do and report testicular staging" for a particular study. In this situation it is helpful to include in the study protocol and therein report a brief description of what has been done to address the concept of "staging." It is also sometimes important to indicate to regulatory authorities that the pathologist has carried out a detailed histopathological examination of the testes, incorporating an awareness of the tubular stages of the spermatogenic cycle. The following wording may be used in the study protocol or report (especially if testicular toxicity is an issue) to indicate that testicular evaluation has been carried out in a stage-aware manner:
A detailed qualitative examination of the testes will be made, taking into account the tubular stages of the spermatogenic cycle. The examination will be conducted in order to identify treatmentrelated effects such as missing germ cell layers or types, retained spermatids, multinucleate or apoptotic germ cells and sloughing of spermatogenic cells into the lumen. Any cell-or stage-specificity of testicular findings will be noted. (Creasy, 2002, in press) The approach described in this paper is influenced by the duration of the study. Cell and stage specific disturbances in spermatogenesis are usually only seen in short-duration studies (up to 28 days). As discussed previously, the kinetics of spermatogenesis combined with the process of maturation depletion, result in a progressive, generalized germ cell loss affecting all stages of the spermatogenic cycle, the longer dosing continues. Table 3 provides a tabulated reference guide linking organ weight changes and microscopic findings with possible physiological/toxicological causes. Although the approach outlined next specifically refers to the rat (with a 14-stage spermatogenic cycle), the general concepts apply equally well to other species such as the mouse, dog and nonhuman primate.
Practical Approach for Microscopic Examination of the Testis and Epididymis for Toxicological Effects
The study pathologist is ultimately responsible for conducting the histopathology evaluation of the testes and should perform this evaluation according to his/her standard practice. It is suggested that the following be included:
1. Review the testis and epididymis weights. Absolute weights are generally more useful than relative values because testis, like brain weight is less influenced by body weight than most other tissues. A decrease in testis weight generally reflects germ cell loss and decreased tubule fluid production, whereas a decreased epididymal weight may reflect decreased sperm and fluid content. An increased weight in either tissue generally reflects increased fluid content, which is either interstitial or tubule fluid. Increased interstitial fluid will be seen as edema and suggests a vascular mediated lesion whereas increased tubule fluid will be reflected by dilated tubular or ductal lumen size.
If testicular homogenization resistant spermatids (HRS)
and/or epididymal sperm have been counted, review these data. A decrease in HRS indicates a reduced number of elongated spermatids. This could be due to a direct effect on these cells or due to maturation depletion following effects on an earlier cell type (the answer should be apparent by histopathology with an appropriate data set-ie, up to 28 days of dosing). HRS data are particularly useful for confirming or alerting the pathologist to slight reductions in sperm production that may not be immediately obvious by qualitative histopathology. A reduction in HRS should be reflected by a decrease in epididymal sperm count, but only if sufficient time has elapsed between release of the reduced numbers of sperm from the testis and their arrival in the cauda epididymis or vas deferens (approximately 2 weeks). If caudal sperm are decreased in the absence of any effect on HRS, a direct effect on epididymal sperm or on sperm transit time is likely. An increase in HRS numbers suggests retention of elongated spermatids in the testis and should be confirmable by pathology. 3. Examine the testis at low magnification. Look for obvious necrosis, depletion, or disorganization of germ cells within the epithelium or exfoliation of germ cells into the lumen. Look for occasional atrophic tubules (shrunken tubules lined only by Sertoli cells) and determine whether the number is increased over control levels. Look for an increase in the number of vacuoles within the tubular epithelium. Look for tubular dilatation or tubular contraction. 4. At higher magnification, randomly scan tubules and check that the appropriate cell layers are present in their approximate normal numbers, ie, that stages I-VIII contain a layer of spermatogonia, a layer of pachytene spermatocytes and several layers of round spermatids interspersed with elongated spermatids. Stages IX-XIV should contain a layer of prepachytene spermatocytes, several layers of late pachytene or dividing (stage XIV) spermatocytes and several layers of elongating spermatids. This does not require individual identification of stages, just a familiarization with the cellular make up of the two halves of the spermatogenic cycle. It will allow for the identification of when a cell population is missing. This is particularly important in studies of 28 days or less duration, where maturation depletion may not have progressed to produce an obvious lesion. If for example, in a 28-day study in the rat, spermatogonia are killed, the most obvious finding in the terminal kill animals will be a loss of prepachytene spermatocytes in stages IX-XIV. Otherwise the testes may appear superficially normal. Check Leydig cells for relative number and evidence of hypertrophy, hyperplasia, atrophy, or vacuolation. However, bear in mind that the morphological appearance of the Leydig cell is not a very sensitive indicator of function. 5. Identify a few tubules between stages IX-XI (there will be relatively few) and examine these at high magnification for evidence of sperm retention. There should be only 1 population of elongating spermatids at the lumen. Also examine a few stage XII tubules for evidence of sperm head phagocytosis in the basal Sertoli cell cytoplasm. These may occasionally be seen in normal stage XII tubules but rarely exceed more than about 2 to 3 per tubule cross section. Check a few stage VII tubules to ensure approximately normal numbers of step 19 (mature) sperm at the lumen and a normal appearing layer of residual bodies at the lumen. Also check stage VII tubules for any evidence of degenerate pachytene spermatocytes and round spermatids. Decreased testosterone levels will lead to an increased rate of degeneration in these cells in stages VII. The number of cells affected at any one time can be small (2-3 cells per tubule cross-section) but this stage-specific lesion is characteristic for and the most sensitive marker of decreased testosterone levels in the testis. Effects will become progressively more obvious with time, due to maturation depletion and direct effects on the elongating spermatids. 6. Examine the epididymis at low magnification for evidence of reduced sperm content, sperm granulomas, interstitial inflammation, or edema. 7. At higher magnification, examine ductal contents for evidence of testicular germ cells or residual bodies (increased above control levels). Examine epididymal epithelium for presence of vacuoles, inflammation, or altered cellular characteristics or complement compared with controls. Examine clear cells in the cauda epididymis. Some com-pounds have been shown to cause a loss of clear cells. If any alterations in sperm or cellular content of the epididymis are seen, go back to the testis and examine carefully, because this probably reflects spermatogenic disturbance.
Nomenclature and Severity Grading of Spermatogenic Disturbance (Germ Cell Depletion/Germ Cell Degeneration)
The nomenclature used to describe depletion and degeneration in the seminiferous epithelium will depend on the specificity of the findings seen. This is most often related to the duration of the study. In a 1-or 2-year chronic study, any disturbance in spermatogenesis is likely to show as generalized germ cell depletion from some or all of the seminiferous tubules. Due to the duration of dosing and the effects of maturation depletion, it is unlikely to have any specificity in the germ cells lost or in the stages of tubules affected. The lesion seen is an end-stage lesion and therefore nonspecific terminology such as tubular atrophy, tubular degeneration, or hypospermatogenesis and simple severity grading based on proportion of tubules affected can be used (see Table 2 ). Regulatory studies of 28 days or less duration or investigational time-course studies are much more likely to demonstrate specific patterns of germ cell loss and degeneration that may be restricted to specific stages of the spermatogenic cycle. The terminology used will depend on the specificity of such findings. For example, in a 28-day study of a compound that inhibits testosterone biosynthesis, the testis will show generalized depletion of elongating spermatids in most tubular stages. In a 7-or 14-day study of the same compound depletion of elongating spermatids will be restricted to a smaller range of stages and apoptosis of round spermatids and pachytene spermatocytes will be seen in stages VII and VIII. Very specific terminology is required to reflect these changes and must be determined on a case by case basis.
The employment of a severity grading system will also depend on the nature of the findings. A general grading system based on the proportion of tubules affected by a Given finding can be used for most nonspecific findings (see Table 2 ). Grading becomes difficult for cell-specific and stage-specific findings. For example, if 50% of the pachytene spermatocytes in 100% of stage VII tubules are degenerate, how should this be graded? Although 100% of stage VII tubules are affected, this only constitutes approximately 20% of the total number of tubules in the testis cross section, and then only a proportion of the spermatocytes within the tubule are affected. Such situations have to be dealt with on a case-by-case basis and the terminology for each finding has to be made sufficiently detailed to impart the necessary information. In such situations it is important to define the basis of the grading system used. 
Common Toxicologically Induced Findings and their Possible Significance
As with any tissue, the cellular response to injury is limited and at times, nonspecific. However, certain aspects of the early pathogenesis of toxicologically induced lesions in the testis and accessory tissues can provide important information on the mechanism of injury. Table 3 summarizes correlations between common findings in the reproductive tract and their possible physiological causes. Additional information can be found in Nolte (32) Creasy and Foster (14) , and Creasy (13) .
Most examples of toxicant induced lesions have been seen and described in the rat. The information below uses the rat as the prime example (and refers to the 14-stage spermatogenic cycle of the rat). However, the general concepts are also relevant for other species (mouse, dog, and nonhuman primate). Atrophic changes in the secretory epithelium Reduced levels of circulating testosterone, inhibition of 5-alpha reductase or vesicles and/or prostate and decreased secretory product disruption of androgen receptor binding Germ cell loss Is a specific cell type(s) affected?
The pattern of the germ cell loss will provide valuable clues as to the likely Does the germ cell loss fit into a pattern mechanism of injury, but this will also be very much influenced by the duration of maturation depletion or of the study (see main text for detail.) The pathogenesis of germ cell is it non-specific. Is it focal or loss is best investigated in a short time-course study diffuse, is it partial or generalized.
Loss of elongate and elongating Degeneration of step 7 spermatids
Disruption of testosterone secretion, which may be caused by direct effects on spermatids and pachytene spermatocytes the Leydig cells or endocrine-mediated effects. Direct effects on elongating in stage VII tubules spermatids. Animal may be immature. Degeneration/ apoptosis Is a specific cell type affected? Are the The cause may be direct toxicity to the affected germ cell but it may also be of germ cells dying cells restricted to a specific mediated through a stage specific disturbance to the Sertoli cell. Apoptotic cells tubular stage? Are the affected are rapidly removed. Multinucleate aggregates suggest a slow, non-specific cells forming multinucleate aggregates? 
Germ Cell Degeneration/Multinucleate Aggregates
Whether spontaneous or induced, death of germ cells appears to occur predominantly through apoptosis, a process that is closely regulated by the Sertoli cell (28, 29) . This is particularly true for spermatogonia, which may be seen undergoing apoptosis in occasional stage XII tubules. However, many of the dying cells do not have the classic morphologic appearance of apoptotic cells. Dying spermatocytes generally develop cytoplasmic eosinophilia and nuclear pyknosis whereas round spermatids show chromatin margination. If cell death progresses rapidly, then the apoptotic cell is rapidly phagocytized by the surrounding Sertoli cell cytoplasm and all evidence of cell death is rapidly removed. Cell death and phagocytosis of the remains can be complete within 24 hours, so if the process is not examined during this time span the only evidence of cell death will be an absence of the cell (cell depletion). If the degenerative process is slow, then adjacent germ cells belonging to the same cohort, may form a multinucleate syncytium (symplast, multinucleate giant cell) probably due to the breakdown of the cytoskeletal fibers supporting the interconnecting cytoplasmic bridges. Multinucleate aggregates are less readily phagocytized by Sertoli cells and are present for longer periods and therefore more frequently seen. They are most frequently composed of round spermatids, but can also be formed by fusion of neighboring spermatocytes or elongating spermatids.
Germ Cell Depletion
This is the most common sequel to spermatogenic disturbance and is generally a consequence of germ cell death rather than exfoliation. It may be seen as a generalized or partial depletion of the germ cells or it may only affect a specific cell type (eg, spermatogonia). Sometimes a specific cell type within specific stages may be affected (eg, pachytene spermatocytes in stages XII and XIII). Once the cell has been phagocytized, the only way of recognizing the lesion is by the abnormal cellular association of individual stages of the spermatogenic cycle and the progressive development of maturation depletion with time. The appearance of the testis, in terms of what cells are missing, will depend largely on how severe the initial effect was and how long after dosing the testis is examined. Instead of a specific cell type being killed, a focal cohort of cells within a tubule may be affected and result in a focal blowout of the epithelium. This may be due to an effect on a few adjacent spermatogonia, which then fail to produce their cohort of spermatocytes and spermatids, or on 1 or 2 Sertoli cells, which are then unable to support spermatogenesis. Partial or generalized germ cell depletion may affect only a small number of tubular profiles or a large proportion of the tubules. When only a few scattered tubules are affected, it is not possible to determine whether they represent multiple convolutions of the same tubule or focal segments of multiple affected tubules. Prolonged dosing with some testicular toxicants may cause generalized germ cell depletion, affecting a large proportion of the tubules. This depletion represents an advanced or end-stage lesion, and in order to elucidate the primary target cell, a time-course study should also be carried out.
It is not possible to say whether spermatogenic depletion is or is not reversible without carrying out an appropriate study. If spermatogonia are still present then the lesion is potentially reversible but if the Sertoli cells are functionally compromised, spermatogenesis may not be supportable. The chronic effects of 2,5-hexanedione on the rat testis exemplify this. Although spermatogonia remain and are seen to divide, spermatogenesis does not recover. This is thought to be due to the inhibition of a critical Sertoli cell factor (3). Conversely, spermatogonia may be significantly depleted, but if the Sertoli cells are functionally intact and sufficient time is allowed for stem cell renewal and repopulation (and this may require several spermatogenic periods), substantial recovery may be seen (31) .
Germ Cell Exfoliation
Loss of adhesion between Sertoli cell and germ cell, or shearing of Sertoli cell cytoplasm (as seen with cytoskeletal disrupting agents) will result in exfoliation of germ cells into the lumen of the seminiferous tubule and subsequent transport of the cells to the rete testis and the epididymis. The exfoliated cells may appear morphologically normal but are rapidly removed from the testis. Once the cells have been removed, cell depletion is the only recognizable finding. Lumenal germ cells may also be present as a result of handling trauma at necropsy. Care must be taken to distinguish between real and artifactual exfoliation. Abnormal residual bodies shed into the lumen can sometimes be mistaken for exfoliated germ cells. These generally occur as a result of disturbances in spermiation (as is shown next).
Tubular Vacuolation
Vacuolation within or between Sertoli cells is a common early sign of Sertoli cell damage. The vacuoles may be solitary and situated among the germ cells at varying depths throughout the epithelium. It is generally not possible to determine by light microscopy whether the vacuoles are intraor extracellular. In other cases intracellular microvacuolation or swelling may be seen affecting the basal area of the Sertoli cell cytoplasm and causing germ cell displacement and disorganization. Such findings are suggestive of disturbances within the Sertoli cell and may represent alterations in the smooth endoplasmic reticulum or in fluid homeostasis. Vacuolation may also be seen in end-stage lesions, associated with extensive cell loss. In this situation it should not be regarded as a primary effect on the Sertoli cell. Occasional solitary vacuoles are sometimes seen in tubules from normal testes but these are generally few in number. Vacuoles in the basal compartment of the tubule, surrounding spermatogonia are generally fixation-induced artifacts due to osmotic shrinkage below the level of the intact Sertoli-to-Sertoli cell tight junctions (blood-testis barrier).
Tubular Contraction
Reduction in the overall diameter of the seminiferous tubule will occur as a result of germ cell depletion and/or as a result of reduced secretion of seminiferous tubule fluid. Seminiferous tubule fluid is secreted by the Sertoli cell and maintains the lumenal size, which varies with the stage of spermatogenesis. This is an androgen-dependant function of the Sertoli cell and will be affected by altered testosterone secretion. Another major regulatory factor for fluid secretion is the presence of elongating and elongated spermatids. Therefore, if these cells are depleted, fluid production and consequently lumenal size are decreased. Germ cell loss and decreased fluid will have a significant effect on testis weight.
Tubular Dilatation
Dilatation of the tubular lumen will occur as a result of increased lumenal fluid volume. This can occur through increased secretion by the Sertoli cell or decreased expulsion of fluid from the tubule, which is thought to be a function of the contractile peritubular cells. Also decreased resorption of fluid by the epithelial cells of the rete and efferent ducts or obstruction of the outflow (eg, a sperm granuloma) can cause increased tubular fluid. The increased fluid volume will generally be reflected by an increased weight of the testis unless there is an accompanying significant cell loss. The pathological consequences of the finding depend on the severity and duration of the effect. Prolonged increased pressure on the seminiferous epithelium will generally result in pressure atrophy of varying degrees and may also lead to inspissated sperm and granulomatous inflammation.
Spermatid Retention
This is a subtle but relatively common finding that may be caused by a number of chemicals as well as by hormonal disturbance. It is characterized by the retention of step-19 spermatids (which should be released during stage VIII) through stages VIII-XII. The position of the retained spermatids varies with different chemicals. In some cases, for example boric acid (7) , the retained spermatids remain in a predominantly lumenal position through stages VIII-XI and are then pulled down into the basal cytoplasm of stage XII tubules where they are phagocytized. With other chemicals the step-19 spermatids are rapidly pulled down into the basal cytoplasm and phagocytized during stages VIII-XI, leaving very few in a lumenal position. The formation and behavior of the residual bodies is often also disturbed with residual bodies of abnormal shape and size being seen in the tubular or epididymal lumen. Descent and phagocytosis of residual bodies normally occurs during stages IX-XI but in cases of spermatid retention this may be delayed into stage XII. The pathological significance of spermatid retention can be varied. It is often associated with abnormal sperm parameters (number, motility, or morphology) and it may be associated with alterations in fertility parameters. If homogenization resistant spermatids are measured, the retained spermatids should be reflected by an increase in this parameter. However, identification by histopathology is a much more sensitive endpoint because it can detect very small numbers of phagocytized spermatids.
Tubular Necrosis
While germ cell necrosis proceeds by apoptosis, tubular necrosis is characterized by coagulative (oncotic) necrosis of Sertoli and germ cells. Sertoli cells are normally highly resistant to cell death even though they may be very sensitive to functional perturbations. Consequently, they are often the only cell left lining severely damaged tubules (Sertoli cell only tubules). Ischemia is one of the few situations where they are killed. The effects of this can be seen with cadmium toxicity, which damages the testicular capillary endothelium. It can also be seen following administration of vasoactive compounds such as serotonin. Necrosis and loss of the Sertoli cells from tubules is the major characteristic of the lesion, and this is associated with gross disorganization and necrosis of the germ cells as well as stasis of sperm in the tubular lumen. Due to the loss of the Sertoli cell blood-tubule barrier, the changes are also accompanied by an inflammatory infiltrate, which is an otherwise rare accompaniment to toxic injury. Tubular necrosis is a serious irreversible lesion because Sertoli cells are unable to proliferate and the affected tubules are likely to involute and be replaced by scar tissue.
Dilated Rete
Both ends of the seminiferous tubules empty into the rete. Most of the tubule fluid is reabsorbed in the epithelium of the rete and efferent ducts. If there is an obstruction in the efferent ducts or in the epididymis, the fluid back-pressure will cause the rete to dilate and if the obstruction is severe, the back-pressure will progressively dilate the seminiferous tubules. The tubules in the area of the rete also appear to be a preferential location for some testicular toxicants, but this should not be confused with the transitional tubuli rectii that join the seminiferous tubules to the rete and can be mistaken for depleted tubules.
Leydig Cell Atrophy/Hypertrophy/Hyperplasia/Adenoma
Testosterone secretion is the major function of the Leydig cell and the abundance of smooth endoplasmic reticulum in the cell reflects this activity. Increased stimulation by luteinizing hormone results in functional hypertrophy and hyperplasia. With prolonged gonadotropin stimulation in the rat, Leydig cell hyperplasia will usually progress to adenoma formation. Many classes of compounds with diverse chemical structures have been shown to produce this effect in the rat but the significance to man is considered limited (11) . Decreased secretion of testosterone, whether through inhibition of biosynthesis or decreased gonadotropin stimulation, will lead to atrophic changes in the Leydig cell. Recognition of atrophy, hypertrophy, and hyperplasia on a qualitative basis is not easy unless the changes are marked. Contraction of tubules due to cell loss will result in an apparent increase in the volume of the interstitial space. This may or may not be contributed to by a real increase in size and number of Leydig cells, but quantitative analysis may be necessary to separate real from apparent effects.
EPIDIDYMIS

Lumenal Germ Cells/Debris
Cells and residual bodies exfoliated from the testis will be transported into the epididymis. This can serve as useful confirmatory evidence for changes seen in the testis. It can also alert the pathologist to changes that may have been overlooked in the testis. Occasional exfoliated germ cells are occasionally seen in normal animals, and in immature and peripubertal animals this number is significantly increased. Abnormal residual bodies may also be detected in the epididymis as a consequence of disturbed spermiation in the testis. The luminal contents can also help alert the pathologist to the fact that apparently exfoliated germ cells in the lumina of seminiferous tubules are artifacts of trimming; such artifacts will not be present in epididymal lumina.
Epithelial Vacuolation
Microvacuolation of the epididymal epithelium can be seen as a specific chemically-induced finding (13) . Macrovacuolation and cribriform change (infolding of the epithelium within itself) is often seen accompanying contraction of the atrophic aspermic epididymis. This may represent a normal mechanism of surface area reduction but has also been reported as a toxicologic change (16) . Epithelial vacuoles are also sometimes seen as a normal finding in some species (eg, dog) at the junction of the corpus and cauda. Because fluid absorption and secretion are both major functions of the epididymal epithelium, vacuolation is a likely sequel to disturbance of either function. TOXICOLOGIC PATHOLOGY
Epithelial Inflammation and Sperm Granuloma
The antigenically foreign sperm in the epididymal lumen and in the seminiferous tubule are in an immunologically protected environment. The protection is afforded by the lumenal tight junctions between epithelial cells in the epididymis and by the basal occlusive junctions between Sertoli cells in the testis. If these barriers are damaged, then an inflammatory response against the sperm develops and generally progresses to form a sperm granuloma. This is a chronic, progressive lesion and in the coiled epididymal duct has the added complication of causing obstruction to the passage of sperm. Furthermore, the oxidative free radicals produced by inflammatory cells in contact with sperm can lead to genotoxic damage, which may have implications for male-mediated congenital defects and postimplantation losses (10) . The efferent ducts, which join the caput epididymis with the rete testis, are a particular site for damage. Certain chemicals, for example carbamates, cause sperm stasis and inflammation of these ducts resulting in partial or complete obstruction to sperm transit and secondary dilatation of seminiferous tubules. The mechanism may be through increased fluid absorption resulting in sperm stasis and inflammation (19) . The efferent ducts are also a frequent site for the occurrence of spontaneous sperm granulomas. In species such as the dog, they often form blind ending tubules that contain inspissated sperm, which can develop inflammation and progress to sperm granulomas. The junction between the cauda epididymis and ductus deferens is also a target site for sperm granulomas caused by compounds that cause ganglion blockade of the sympathetic neural pathways controlling contraction of the vas deferens.
Ductular Dilatation/Interstitial Edema
This can occur as a result of fluid imbalance mediated through the vasculature or inhibited fluid reabsorption by the epithelial cells. Inflammatory infiltrate and sperm granulomas are a frequent consequence.
SPECIAL CONSIDERATIONS General Spermatogenic Cycle Variations
Although the fundamentals of the spermatogenic cycle are similar between species there are certain details that vary. These can have a significant impact on histopathologic evaluation:
r The number of stages and their cellular makeup varies between species and depends on the morphological criteria used. It is important that the pathologist is familiar with the germ cell development and the stage map of the species under investigation. A highly recommended text that explains in detail how to stage tubules in a number of common species and provides stage maps for each species is provided by Russell et al (34) .
r The duration of spermatogenesis (the time taken for a spermatogonium to develop into sperm) and the duration of the spermatogenic cycle (the time taken to complete a cycle of cell associations) varies between species. This information is important so that the pathologist can predict how long it should take for any particular cell to reach a later cell type (eg, if a toxicant affects leptotene spermatocytes, how long will it take before the animal becomes infertile?). Alternatively, if a particular cell type is missing at some defined period after dosing, knowing the dynamics of the spermatogenic cycle will allow extrapolation as to what stage of development that cell was in when dosing began. Software programs have also been developed to calculate this type of information (Hess 1992 r The organization of cell associations along the length of the tubule is linear for most mammalian species, including most species of nonhuman primate used in toxicologic studies. This means that a tubular cross-section normally contains only 1 cell association and that the adjoining length of tubule (which is often the adjacent tubule in a cross-section of testis) will generally contain the consecutive stage. This is not the case in humans where cell associations are arranged in a helical pattern resulting in a mosaic of cell associations in a single cross-section. In dogs, although only 1 stage is present in a cross-section, adjoining lengths of tubule do not necessarily contain consecutive stages.
Spontaneous Changes and Special Concerns
The complex nature of spermatogenesis makes it important to understand not only the progression from spermatogonia to spermatids but also to recognize spontaneous lesions. These lesions may occur in low numbers of both control and treated animals and if not recognized as potentially incidental may be considered compound-related. As the morphology of these lesions is often very similar to those that may be induced by a testicular toxicant, it is important to recognize these lesions as potentially incidental when determining their significance in toxicity studies.
Hypospermatogenesis, from decreased numbers to complete absence of germ cells, may occur in the rat testis. This decrease in germ cells usually affects 1 to several tubules but occasionally all of the tubules in a testis will be affected. If the change is severe and unilateral, it is likely the result of previous trauma, excurrent ductular obstruction or a congenital lesion. The tubules are generally smaller in diameter and are often filled with the wispy, pale eosinophilic cytoplasm of Sertoli cells. With this histologic appearance it may be difficult to determine if there has been loss of germ cells over time (atrophy) or if the tubules never developed the proper number of germ cells (hypoplasia). In addition to hypospermia, there may be occasional tubules that have increased multinucleated spermatocytes and cellular debris (4). Multinucleated cells or symplasts are generally thought to be composed of round spermatids that in the process of undergoing degeneration lose the integrity of cell to cell junctions and therefore collapse into a single large cell with multiple nuclei (34) . A small number of multinucleated cells are normally found in control rat testes; increased numbers are an indication of toxicity.
Another lesion that may be seen in the seminiferous tubules is vacuolation of small numbers of Sertoli cells. This lesion is often an acute indicator of Sertoli cell toxicity but may be seen spontaneously in small numbers of Sertoli cells scattered within multiple tubules (16) . An additional lesion affecting the testis, either directly or indirectly, is a spermatocoele or sperm granuloma. The lumen of the seminiferous tubule is immunologically privileged and therefore a marked inflammatory response ensues when the blood-testis barrier is compromised. The cause of this breach is frequently undetermined. There is often marked dilation of single or multiple tubules that are filled with sperm/germ cells, cellular debris, and inflammatory cells. The lesion is commonly surrounded by activated macrophages and multinucleated giant cells. Over time these granulomas may become fibrotic and mineralize. The location of the granuloma may have further consequences on the testis. If it is located at the rete testis, the testicular fluid flow from 1 to several or even all of the tubules may be obstructed causing luminal dilation and potentially secondary pressure atrophy of the seminiferous epithelium in those tubules. Sperm granulomas or spermatocoeles may also occur in the epididymis with similar upstream effects on the testis (16) . In addition to these well-characterized incidental lesions, several others have been reported in different strains of rats including focal tubular mineralization, testicular hematoma, and sperm stasis in the rete that is not necessarily associated with a granuloma (4) .
Many of the incidental testicular lesions described in the rat have also been reported in the dog testis. Whereas many of the lesions are of low incidence in the rat, some of the lesions in dogs have a higher incidence but a relatively low prevalence (33) . In a recent study by Rehm, segmental hypospermatogenesis was present in approximately 30% of mature control beagle dogs (n = 50 dogs). The hypospermiation was frequently mild with moderate magnification needed to appreciate the lesion. As the hypospermatogenesis increased in severity it became easier to identify. Testicular atrophy or hypoplasia frequently accompanies the hypospermatogenesis. Although morphologically similar, the difference between tubular atrophy and tubular hypoplasia is determined by the location of the lesion. Atrophy is appropriately diagnosed when tubules void of germ cells are in close association with areas of hypospermatogenesis. In the case of Sertoli-cell-only tubules surrounded by tubules with apparently normal spermatogenesis, the diagnosis of hypoplasia may be more appropriate. In addition to those prominent incidental lesions, multinucleated spermatids, swollen spermatocytes, apoptotic germ cells, and occasional retained sperm have also been detected in the dog. There is very little published background data on spontaneous testicular lesions in mature nonhuman primates to provide a useful database.
Immaturity
The stage of maturity of a male is an important consideration in the examination of the testes, especially in the dog and nonhuman primate. These are particularly important issues in the dog and nonhuman primate because due to expense and handling issues, it is common practice to use immature animals or animals that have reached the borderline of maturity at the end of a study in these species. During the peripubertal period, spermatogenesis is inefficient and may not begin in all of the tubules at the same time. Additionally, there will be increased numbers of sloughed germ cells at this time. Spermatogenesis becomes complete and more efficient with decreased degenerative changes in the seminiferous epithelium as animals mature. It is generally accepted that sexual maturity occurs in the rat at 8 to 10 weeks, in the dog at 9 to 10 months of age and at approximately 4-5 years of age in the cynomolgus or macaque monkeys (24, 33, 37) . As the morphology seen during the development of spermatogenesis may be similar to that which occurs secondary to treatment with a testicular toxicant (for example decreased numbers of elongating spermatids), it is very important to know the age of the animals being examined. The use of immature animals may also preclude the toxic effects of compounds on specific cell populations. As an example, if a compound causes retained spermatids or necrosis of elongating spermatids, this lesion will be absent if spermatogenesis has not yet developed in an immature animal. Therefore, it is recommended that when dealing with known testicular toxicants or a compound on which fine testicular morphology is to be performed that sexually mature animals be utilized. For routine dog studies of 13 weeks and less, the age of the animals coming to necropsy makes them immature or on the borderline of sexual maturity. The variable degree of testicular germ cell degeneration, exfoliation and depletion associated with this age of animal, confounded by the small group size may result in data that is difficult to interpret. The use of animals that are 10-12 months at the termination of the study rather than 7 to 8 months would largely alleviate this problem.
